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INTRODUCTION

The George C Marshall Space Flight Center has recently installed a new
data processing computer system. The system is generally characterized by
teleprocessing of messages received from remote terminals that are strategically
located throughout the space flight center. Messages are processed at a single
central processing area and are then relayed to one or more of the remote
terminals. Currently the messages are classified as 1) inventory (materials)
coded as D350A, 2) PERT coded as D7977, 3) parts and reliability (PRINTS)
coded as A4275, 4) video tape management systems (MMS) coded as D6710, and
5) library coded as A761B. Each remote terminal serves as a sender and/or

receiver of one or more of the five message types. The following diagram

displays the general system:
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The route of a typical message sent from and returned to terminals is as follows:
A message sent from a terminal is initially received by the 7740 from where it
proceeds through the interface block to the 1311. From the 1311 the message
then returns to the interface, the 7740, and the interface in that order.
Finally, the message arrives at the 7010 for processing. Following processing,
if results are to be transmitted back to one or more of the terminals, they
follow the reverse path of an incoming message, viz, 7010 to interface to 7740
to interface to 1311 to interface to 7740 and then to the terminal(s).

There are many variable aspects of the computing system that give rise to
potential problems such as excessive turnaround time for message processing.
Some of these variable aspects are 1) number of messages from terminals, 2)
size of messages from terminals, 3) types of messages from terminals, 4) delay
time in the 7740 while waiting for 7010 processing, 5) 7010 processing time,

6) delay time in the 7740 while waiting for distribution to terminals, 7)
distribution characteristics to receiving terminals, 8) downtime of the 7010,
9) downtime of the entire system, 10) frequency of 7010 down time, and 11)
frequency of system downtime. 1In addition, there are possibly cyclic
fluctuations in workload, and a general increase in workload overtime. This

research is addressed to the problems associated with the above.

OBJECTIVE

The objective of the research was to develop a simulation model for
investigating and analyzing the impact of adding to the teleprocessing system
additional terminals and/or workload above the present level, and for pre-
dicting at what point in time excessive turnaround will result from over-

loading key components of the system.

GENERAL APPROACH

The general approach taken to the problem was to construct a computer
simulation model of the system. The simulation model was constructed using GPSS
III (General Purpose System Simulator), and was capable of portraying system
response to a variety of loading conditions. 1In particular, the impact of
additional and of increasing workload was of interest. Workload trends for
existing terminals were analyzed from historical data supplied by the MSFC

The simulation model was made as general as possible.



ASSUMPTIONS

Of necessity several assumptions had to be made for the simulation model

because of the need for simplification, convenience in constructing the
model, and use of the sometimes limited amount of historical data. These
assumptions are:

1. The frequency and length of messages from terminals are exponentially
distributed and are generated in the simulation model as such.

2. The probability that a message sender at a terminal will enter at
least one entry per 20 seconds is 1.0.

3. There is no significant delay in a message going from a terminal to
the 7740.

4. Some messages will go from a terminal to the 7740 and then to a
terminal (s) thus bypassing the 7010--these messages will not be
considered by the simulation model.

5. 7010 processing time is a function of message size.

6. When a message leaves the 7010 it enters an imaginary queue in the
7740 to await transmittal to the terminal(s).

7. A single input message may generate results that are to be transmitted
to two or more receiving terminals. The simulation model performs
such a message split in a manner to be described later.

8. Downtime for the 7010 and the entire system was generated from empirical
data.

9. 1If the 7010 is down for more than four hours the entire system is
considered down.

10. There is no priority on incoming or outgoing messages at any stage in
the system.

11. Time required for trancition through the interface is .15 seconds per
message segment (.4 seconds for the average size message of 2.67 segments.)

12. Sending speed for a message from a terminal to the 7740 is .16-.20
seconds.

13. 1If the 7010 is available to accept an incoming message, the message goes
directly from the 1311 to the interface and then to the 7010 (the interface
is preempted)

14. A message returning from the 7010 to the terminals halts at the 1311 for an
availability check of receiving terminals. If the receiving terminal(s) are

available the interface is preempted by the returning message.



SYSTEM AND SYSTEM COMPONENT DOWNTIME

Estimates of downtime frequency and duration of downtime were required for
analysis of the computer system simulation model. 1Two types of downtime for
the system were considered, viz. off-line downtime with the 7740 continuing
operations, and off-line downtime with the 7740 discontinuing operations.
Historical data were analyzed to generate the probability distributions for
each type of downtime, even though the data were sparse and the resulting
distributions generated were only very crude approximations of the actual
distributions

From the data made available by the MSFC a frequency tally of 1) interval
between successive downtimes, and 2) duration of downtime was made for each
type of downtime considered for the model. Histograms of each frequency tally
were then drawn, and from the histograms a general form of a probability
distribution could be determined The results of the frequency tallies, and

the histograms are shown in Table 2.

TABLE 2

OFF-LINE WITH 7740 CONTINUING OPERATIONS

Interval Between
Successive Down

times (Days) Frequency Proportion

.0310
.6720
.1875
.0625
.0310
.0000
.0160
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Duration of

Downtime
(Hours)
.01 - .11
.11 - .21
.21 - .31
.31 - 41
41 - U51
.51 - .61
.61 - .71
.71 - .81
.81 - .91
.91 - 1.01
1.01 - 1.11
1.11 - 1.21
1.21 - 1.31
1.31 - 1.41
1.41 - 1.51
1.51 - 1.61
1.61 - 1.71
1.71 - 1.81
1.81 - 1.91
1.91 - 2.01
2.01 - 2.11
2.11 - 2.21
2.21 - 2.31
2.61 - 2.71
2.71 - 2.81
2.81 - 2.91
2.91 - 3.01
3.01 - 3.11

.91

.01

TABLE 3

DURATION OF DOWNTIME ON 7740 CONTINUING OPERATION
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TABLE 4

OFF-LINE WITH 7740 DISCONTINUING OPERATIONS

Interval Between
Successive Down

Times (Days)

wv & w N~ O

Duration of

Downtime
(Hours)
.01 - .65
.66 - 1.30
1.31 - 1.95
1.96+

Frequency Proportion

0 .0

7 .7

2 .2

0 .0

0 .0

1 .1
TABLE 5

DURATION OF DOWNTIME ON 7740 DISCONTINUING OPERATIONS

Frequency
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STUDY PROCEDURES

The general approach taken to this research was the construction of a
computer simulation model of the teleprocessing system. The model is capable
of portraying system response to a variety of loading conditions. Workload
trends for existing terminals were analyzed from historical data. Workload
trends for new terminals were estimated from trends of similar existing
terminals. The simulator was made as general as possible so that peak load
analyses as well as average load analyses may be run.

The model was constructed such that the following factor can be specified
as input parameters:

Each Terminal

(1) Probability distribution of frequency for each job type.

(2) Time trend parameters for each job type.

(3) Probability distribution of message length (no. segments)
for each job type.

THE SIMULATION MODEL

The central part of the effort in this research was to create a model
to simulate the Data Center Division. The steps in creating this model were
(1) System description, (2) Data acquisition, (3) Data analysis, (4) Model
description, (5) Model coding and (6) Model verification.

In Table 1 the system is graphically described for purposes of the simulation.
The system description was limited by data and the accuracy of the size of
the simulation. It is impossible to describe completely the system, hence the
model is simplified but is adequate for decision making and study purposes.
The precise system is shown in Table 8 for hardware components.

Data were recorded about the message processing as shown in the breakdown
of each record in Appendix 1. For purposes of simulation this data is hardly
adequate to produce meaningful results. Times are only recorded to the nearest
.01 hours or 36 seconds and the clocks were not synchronized. Following is
a list of specific data improvements needed for future studies.

1. TImproved "accuracy' of data (e.g. not .0l hrs.)

2 Synchronization of clocks
3. Segments vs. messages
4

Sending and receiving rates



5. 1311 to 7010 time

6. Downtime data (frequency and duration)

7. Queue lengths at critical points (time and number)

Even though the data were of limited accuracy of the data, processing
times and turn around time were estimated close enough to permit simulation
of the system. The data were analyzed by terminal and job number for several
representative days. A sample of the workload study is shown in Appendix 2.

The core of the research effort was the translation of the real
description to a suitable flow diagram to allow coding of the system in the
General Purpose System Simulator. The actual flow diagram is shown in
Appendix 3 along with the program developed to simulate the system.

Appendix 3 also has an explanation of the coding used in the Simulation.

The simulation includes all the components shown in Table 1. The
simulation program develops randomly input rates by hour of the day. These
rates were determined from actual data. The input is stored in the 7740
until the 7010 can process the data. A queue may develop in the 7740. The
average length of this queue was the key parameter used to varify the results.

The model is completely general, hence any input rate could be specified by

hour of the day and its effect on queue length and turn around time determined.

The effect of adding a terminal or increasing the processing speed could be
handled with only minor changes in the program.

Following development of the model it was necessary to verify that the
model described the real system with reasonable accuracy. 1In order to verify
the model, average delay time by hour of day in the 7740 for both the real
system and the simulated model was obtained. As shown in Tables 6 and 7 the

model was sufficiently close to allow generalizations to be made from it.



RESULTS AND CONCLUS IONS

The simulation performed accurately described the system as it now
operates as shown in Tables 6 and 7. The model is now capable of answering
questions about the effect of increasing workloads, addition of terminals,
and increase in computational ability.

The workload study indicated that most of the entries are a result of
the inventory system. As inventory is a direct function of the activity
of the center the load could be estimated by using projected center activity
as an indicator. The video tape management system also contributes to the
load and may be expected to increase with activity.

The primary result of this study was the creation of a simulation of
the 7740-7010 data processing system. Questions can now be asked concerning
the effect of adding terminals, increasing workloads, or studying downtime.
The workload studies would enable one to simulate proposed systems with
accuracy not possible otherwise.

A secondary result was the establishment of the fact that complex
computer systems can be simulated by the General Purpose Systems Simulator.
A tool is available to analyze the cost effectiveness of a computer system
before a contract is given. Also the difficulties of making the transition
from an old system to a new one could be explored thereby improving the

transition process.
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TABLE 6

ACTUAL DELAY vs HOUR OF THE DAY-AVERAGE

Average

20

N O~ NG =

.76 Sec.
Min.
Min.
Min.
Min.
Min.
Min.
Min.
Min.

15

1

TABLE 7

12.

26.
21.
43.
36.

8.

.59
64
42
24
22
17
87
00

Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.

37

66
35

42
16

SIMULATED DELAY vs HOUR OF THE DAY

3 Min.

2 Min.

2 Min.

Simulation was not completed because of storage overflow.

10

Max imum

Min.
Min.
Min.
Min.
Min.
Min.
Min.
Min.
Min.

24,
48,
12.

0
0

0
36

Average

19.7472
44,6335

26.4329
19.7472

26.4329
19.7472

00
00
00

.00
.00
24,

00

.00
.00
48.
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Sec.
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APPENDIX 1

SYSTEM COMPONENT DATA



File Content:
I = message from 7740 to 7010, Input
0 = message from 7010 to 7740, Output
B = either or both

A 1-3 B Station sending message.
B 4-6 B Station receiving message.
C 7-10 B Date message received by 7740, MMDD, ex JNI16.
D 11-14 I Time received by 7010
0 Time input message that created this Qutput was received at 7010.
E 15-18 I Time message received at 7740.
O Same as 11-14.
F 19-22 1 Message sequence number as received by 7010, serial by day.

(Assgn by 7740)

0 Message sequence, serial from each initialization, of 7010

Output messages.

G 23-26 1 Message sequence number, serial by day, as sent from the sending

station.

o "0000"

H 27-31 B Job number used for accounting and determination of application.

32-35 I Time difference between receiving 1st and last of message.
Includes application processing time.
0 '0000'
J 36-39 B Number of segments in message.
40-80 B Blank
8L B ot

NOTE: One message may have multiple destinations. Only the 7010 is shown

for those multi-destined messages; i.e. terminal to termipal is not in file.

One record per destination is created for multi-destined Output messages.

'"HST' to 'HST' (7010 to 7010) messages are shown only as input.

MESSAGE ANALYSIS FILE FOR AUBURN

Format: 80 characters plus record mark blocked 25.

Sequence: Date, sending terminal, message number.

Background: The 7010, called 'HST' for host, is tied to the 7740.

The



7740 has many remote terminals. The terminals 'send to' and 'receive from'
the 7740 as does the 7010. The 7010 creates a log of information for each
message it receives from or sends to the 7740. The message analysis file

is extracted from these logs.

JOB_CODES
D350A Material (Supply) 3179
D7977 PACCT (PERT)
A4275 PRINCE (Parts info. & reliability)
A751B RSIC (Library)
D6710 MMS (MSFC Management Sys.-Vidio)
Type of terminal chart:
Name Gear Name Gear Name Gear
HST = 7010 Al7 = 1052 J34 = 1030
AOO = 1052 A28 = 1052 J35 = 1030
JOO = 1056 S28 = 1058 J40 = 1030
S00 = 1058 J28 = 1056 J41 = 1030
A0l = 1052 A29 = 1052 J42 = 1030
AQ2 = 1052 J29 = 1056 S$30 = 1058
A03 = 1052 A51 = 1052 S22 = 1058
AO4 = 1053 J51 = 1056 S12 = 1058
AO5 = 1052 S51 = 1058 S$25 = 1058
AD6 = 1053 B51 = 1052 J23 = 1056
AO07 = 1052 K51 = 1056 C51 = 1052
AO8 = 1053 T51 = 1058 CSL = 1052
A09 = 1053 J18 = 1056 1056
AlO = 1052 Al9 = 1052 TTT = 1052
All = 1052 A21 = 1052 1056
Al3 = 1053 J21 = 1056
Al4 = 1053 A24 = 1052
Al5 = 1052 A26 = 1052 1052 = keyboard
J15 = 1066 J26 = 1056 1053 = printer
S15 = 1058 J31 = 1030 1056 = card reader
Al6 = 1052 J32 = 1030 1058 = card punch
J1l6 = 1056 J33 = 1030 1030 = card & slide reader

1. Any transmission to any type of 1050 is at 14.8 characters per second.
2260 speed is 120 characters per second.

2. Average segment length is 80 char.
Average pause between segments is 1 sec.

4. Average pause between messages is 6 sec.
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APPENDIX 3

THE SIMULATION FLOW DIAGRAM
PROGRAM AND RESULTS



EXPLANATION OF TABLES

Table 1 contains the total time that messages stay in the simulated
7740 - 7010 Teleprocessing System. The time for a message is
entered as an argument in the table expressed in tenths of
seconds. The mean argument is the average time for a message

during the particular hour of simulation.

Table 2 contains the times it takes for segments to be placed on disks
ready to be processed by HST 7010. This time starts with creation
of segment as part of a message at a terminal and ends when segment
is sent to HST 7010. The mean argument is the average time for a

segment during the particular hours of simulation expressed in

tenths of seconds.

Table 3 contains the times it takes for segments to reach output terminals
after processing by HST 7010. This time starts when segment leaves
HST 7010 and ends when segment is received at designated terminal as
part of a message. The mean argument is the average time for a
segment during the particular hour of simulation expressed in tenths

of seconds.

Table 4 contains the times segments are in HST 7010. This time starts when
segment enters HST 7010 and ends when segment leaves HST 7010. The
mean argument is the average time a segment is in the HST 7010

expressed in tenths of seconds.




Observed Frequency - number of arguments within interval.

Percent of Total - number of arguments within interval divided by total
number of arguments in table.

Cumulative Percentage - cumulative percentage of percent of total.

Cumulative Reminder - 100% minus cumulative percentage.

Multiple of Mean - upper limit of interxrval divided by mean argument



STORAGE NUMBER - Number of storage
Capacity - given by storage definition card as maximum allowed in storage.
Average Contents - cumulative amount of time that transactions are in
storage divided by clock time of run.
Average Utilization - cumulative amount of time that transactions are in
storage divided by clock time of run times capacity.
Entries - total number of transactions that entered storage.
Average Time/Trans - cumulative amount of time that transactions are
in storage divided by number of entries.
Current Contents - contents of storage at end of run.
Maximum Contents - largest number of transactions in storage at any time
during run.
QUEUE NUMBER - Number of queue
Maximum Contents - largest number of transactions in queue at any time
during run.
Average Contents - cumulative amount of time that transactions are in
queue divided by clock time of run.
Total Entries - total number of transactions that entered queue.
Zero Entries - total number of transactions that entered queue and left
queue without delaying anytime in queue.
Percent Zeros - total entries divided by zero entries.
Average Time/Trans - cumulative amount of time that transactions are in
queue divided by total number of entries.
Average Time/Trans - average time of transaction excluding zero entries.
Table Number - refers to number of table containing a breakdown of
queue statistics gathered during run.
Current Contents - contents of queue at end of run.
TABLE NUMBER - Number of Table
Entries in Table - number of transactions recorded in table.
Mean Argument - sum of arguments entered in table divided by number of
entries in table.
Standard Deviation - gives plus or 1 standard deviation from mean.
Sum of Argument - sum of arguments entered in table.
Upper Limit - upper limit of arguments within interval with this upper

limit.



EXPLANATION OF PARAMETERS (continued)

Parameter Contents Purpose
6 Parameter 5 Holds segment length for
use later
7 Function 12; Parameter § Assigns segment length for
Job A761B
8 Parameter 7 Holds segment length for

use later

9 Function 12; parameter 11 Assigns segment length for
Job A761B
10 Variables 5,6,7, Assigns length of time out-

going segment should stay
in terminal for processing

11 Parameter 9 Holds segment length for
use later

EXPLANATION OF HEADINGS IN RESULTS

BLOCK COUNTS - Records what has transpired during time period for printout.
BLOCK - Block number corresponding to program.
TRANS - Current number of transactions in block.
TOTAL - Total number of transactions that entered block.
SAVEX - Values of standard numberical attributes saved from program.
NR - Place value was saved.
VALUE - What was saved.
FACILITY NUMBER - Number of facility
Average Utilization - cumulative amount of time that transactions are in
facility divided by clocktime of run.
Number Entries - total number of transactions that entered facility.
Average Time/Trans - cumulative amount of time that transactions are in

. facility divided by number of entries

Seizing Trans. No. - number of seizing transaction in facility at end
of run.
Preempting Trans. No. - Number of preempting transactions in facility

at end of run.



EXPLANATION OF QUEUES

Queue For Facility
; 1
2 2
] 3
: 4
: 5
¢ 6
’ :
9

9

1 1

13 3

14 ”

15 s

16 e

17 17

18 8

19 s

20 20

22 22

34 %

# B

42

43 ;

e :

45

¥ ‘

47

48 ;

49 9

1 I

oL 11

ol 21

62 22

o3 23

o 24

65 25

e 26

o7 27

8 28

69 29

10 30

n 31

2 32

b 33

e 32

33



Variable

v W N

()}

10
11
12

Parameter

EXPLANATION OF VARIABLES

Transmit
Transmit
Not used

Transmit
1052 and

Transmit

Transmit

Contents

time for 1030 terminal
time for A21 type terminal per segment
in final form of GPSS simulation model

12} L 1y 1" 1 " 1

time for outgoing terminal with both
1058 printers per segment

time for most outgoing terminals

time for outgoing terminal with 1052

printer per segment

Not used
Transmit
Transmit
Not used

Transmit

in final form of GPSS simulation model
time for HST 7010 per outgoing segment
time for HST to HST message

in final form of GPSS simulation model

time for HST 7010 for incoming segment

EXPLANATION OF PARAMETERS

Contents

Functions 2,3,4,5,6,7,89;
constants 0 and 1

Function 12; parameter 3

Parameter 2

Parameter 1,4 + 40;

constants 72 and 73

Function 11; parameter 6

Purpose

Assigns incoming & outgoing
messages or segments to
terminals

Assigns segment length for
Job A761B

Holds segment length for
use later

Assigns segments to outgoing
terminals and in some

cases 40 is added to separate
incoming and outgoing queues

for two-way terminals

Assigns segment length for
Job D350A



Queue

1

77
78
79
88
90
91
99
00

EXPLANATION OF QUEUES (continued)

For Facility

99
70
70
100
70
%*
99
100

* Not related to a facility, gathers times for segments in HST 7010

Storage

O 00~V W N

Terminal Output Buffer

7010 Input Buffer
7010 Output Buffer

EXPLANATION OF STORAGES

Type

"

For
Output

Facility

oO~NOTBMPWN

Capacity

COMN 1= = = = e b e e e e e e e e



Facility

o~V W~

EXPLANATION OF FACILITIES

Type

Two-way terminal
[}

Two-way terminal
" |

One-way Outgoing

n 1
One-way Outgoing
1 "

1" 1"

" "
One-way Outgoing
i "

" 1"
Two-way Terminal
1" 1"
One-way Incoming
HST 7010

Disks

(incoming & outgoing)
"

Terminal
"

(DA 1,2,+ 3; Job D6710)
1" 1]

Terminal (1058 Printer)
1 1

1

Terminal (1053 Printer)
1"

Terminal (1052 Printer)
1 LH

1 1"

(A21)

Terminal
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